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Neointimal Tissue Response at Sites of Coronary 

Stenting in Humans 

Macroscopic, Histological, and Immanohistochemical Analyses 

Ryuahl Komatsu, MO; Makiko Ueda, MD; Takahiko Narufco, MD; 

Aktko Kojimu, PhD; Anton E, Backer, MD / 

Background*— Experimental unimaj .studies have .shown that coronury starting induces ncuimimul proliferation. However, 

the ftisiopiuhologlcal events after coronary stenting in humans have not been studio systematically. 
Methods and **_*" ir F-rW^ iny^Hfflfr* 1 \ 1 fire" 1 ™ 1 cowiary arteries (9 Palma^MSchutt stems, I Wikcor stunt, tmd I ACS 
Multi-Link stent) obtained from" 1 1 patients who had died 2 days to 2\ months utter stenting. We focused on gross, 
histological, aad immunohistoehertueal aspects of the repair processes, Two patients developed symptom* ufrcxtenosijj. 
Serial sectigns were stained with antibodies against smooth muscle cells (SMCs)* macrophages, and endothelial eelJs. 
At 9 and J 2 day*t after stenting, the stem sites Showed thrombus formation with «ariy fartniition oF neointima composed 
of abundant macrophages imd et-acTln-negotive spindle cells. From 64 days on, nil sites with stenting showed a distinct 
layer of neoincitna, albeit to varying degrees. In nonrestenoiic lesions, neointimal thickening wa_s markedly less than io 
restenode lesions but without qualitative differences: the neointima contained macrophages but was composed 
predominantly ot* a-actin-pusititfe SMO. 
Cvncluswns — These observations strongly support the concept d>at neomtimul proliferation, in humans i.s a process of 
SCU^ed redifferentiation of SMCs, which may cause tn-stent stenosis* Moreover, the exuberum neointimal proliferation 
with accumulation of macrophages and e*ieasive neovascularization at .sices of stent restenosis suggests a role for 
organization of mural thrombus. (Circulation. W9fl;98i224-233,) 

gey Words: stents IT restenosis ■ coronary disease * immunohistochemtotry 



CocOnajcy Steatiog is the only procedure chat has been proven 
to reduce the incidence of late restenosis after PTCA.* 0 
However, thus for only sparse data 'are available in humans 
regarding the heaJing processes involved after stent implanta- 
tion, Indeed, an enormous gap exists between animal experi- 
ments on one hand and insights obtained ftorji observations in 
humans on the other, fn Fa^t, to the bed t of our knowledge, only 
4 autopsy case reports exi$t of parjeat* who had died 12 hour;. 
15 days, 3 weeks, and 8 weeks, respectively, after implanrarion 
of a coronary stent,' ^ and in 2 instances, atherectomy speci- 
mens, retrieved from restcnotic lesions after coronary stenting 
with a Palmoi-^criatz device, have been reported' 1 Obviously, 
there is a need for more detailed information in humans. 

We are not aware - of any systematic studies in humans 
focusing on grow, histological, and immunoh&tochcmical 
aspects of the repair processes involved. The present study 
addresses this need. 

' Methods 

Patients 

This study is huxecj on 1 1 coronary arwritifi cheutned ut autopsy from 
1 1 patients who had undergone elective or emergency eoronnry 
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Stealing, The relevant clinical data am symnuirreed In ihc Tubtc. The 
mean age of the patiwits (9 men and 2 women) was 76±6.*J- years 
(range. 66 id HS yeur*). In 3 patients wifa aeuw myoeardiaJ infarction 
(patients X 3, and 4), Stent implantation was performed to htrat 
coronary dissection after emergency f^TCA. One partem (pytleiu l ) 
with stable angina underwent stenting r,o treat euronary dijxeeti^w 
after PTCA. Ail 4 patients (patients 1.5, 3, and 4) sKtiwcd Immediate 
po.u-PTCA angiographic evidenco Of* dissection before stent implan- 
tation* Two patient* (patients 7 and 1 1) with stable angina underwent 
primary stenting of a stenotic lesion in The left circumflex coronary 
artery and in the LAD, respectively, in I patient (patient 5) with 
urutfable angina and 90% stenosis of the left main trunk- miracorQ- 
nary stent implantation was ptrfofmcd because the patient refused ui 
uodergo coronary artery bypaA* jfrarting. in uSc d reniiiinini; putienu 
(patients 6, 9, and |0) ( atom implimcution was performed for 
re/ftonws after PTCA. In thitte J I pa treats, foe interval between 
coronary Scenting and death ranged from 2 days to 21 inoarru, 

A Palmaz-Sdunz stent {Johnson & Johnson Interventional Sys- 
tem) was inserted into 9 One coronary artery rtecivoda WikLor 
5Dfcnt (Medtronic tnc); the remaining artery uoneiined an ACS 
Multi-Link atent (Advanced Cardiovascular ,Syii«msV 

All patients with coronary xtents were treated initially with heparin 
and then maintained on different drug regimens: heparin only 
(patients I, 2, 3, und S); aspirin only fpiUiunt Ml; axpirin qnd 
dclopldine (patrenui 4 and 8); aspirin, warrarin. and dipyridamole 
(patient <J); an j warftirln imiy fpationt* 6. 7, ;tnd JO). Hi s lvpre*isun.- 
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Selected Abbreviation* and AtrnnymK 
tAD = left anterior descending coronary Briery 
PDOF - ptatcla-dcrived gnjwrfi factor 
SMC ^ smooth ntUJwlo ptfl 
vWF voo Willcbriihd factor 



Stent dilatation, which recently became standard, was performed in 6" 
pttlfcnu (patients 3, 6, 7, 10. upd 1 J). 

Two patients (patients 7 and 8) developed recurrent angina 
pectoris which wa$ electrocardiograpblcujiy related to the fttented 
coronary artery. The; xfgrtH and sympiomx were considered indlca- 
tion* of restenosis: angiography* however, could not be done in any 
of these patients. 

Histological Investigations 

In 9 of the J 1 paiiefitt, the whole heart was available for study. The 
site of renting was identified by comparing <he clinical angiograms 
with the heart specimens. The coronary arteries were removed from 
the epicardfrl sorfece, and me site containing the stent was out with 
scissor* jr»io 5-n>Tn segments- Care was taken to have (he articulation 
or the Fulmaa-Schatz stem within 1 of these segments. In the present 
study, designed to Investigate the cellular components a; the stenting 
site with specific immunoMstochamicai techniques, we did not select 
an embedding method in meftvl mcthecrylate r&oomraended for 
obtaining intact crass sections/ In 4 heart?, the coronary artery 
segments were fi*ed io buffered formal in; in the remaining 5 hearts, 
the segments were fixed in roethanoJ-Cwnoy's fixative. 

After fixation, (he stem frogmenm, ©o Ihe cut surface of each of the 
5~miu segments Wert removed under u dissection microscope Each 
S-fiWi aegmeni way then routinely processed and embedded in 
paraffin. From each segment* section* were cut at 8- or IO-/im 
thickness. Each lime a portion was encountered thai srill contained 
residual stent fragments, these fragments were removed carefully. 
aeuin by cutting the fragment* and pulling them out of the paraffin- 
embedding block: thereafter, the sectioning continued. From each 
segment. *»100 to 300 sections veins cui. This procedure thus 



allowed tu to obuiin an adequate overview «f nil tlio Men led arterial 
figments. 

In the remainine 2 patients (patients 5 end 9). only pirrarrin block* 
ftom the site? of coronary Renting went Bvmtoble for the sitidy: 
microscopic sections were made by uj» x>f the name method ws 
described above, Of ih&to section^ every 20th and 21 si sections ware 
etatacd with htfMtoxyUn-oosin and Weleerf k elastic van Giewra 
stain, respectively. Tbe other section* were used for immutiohisto- 
chamicfll staininy. 

Immunohistochernical Investigations 
Singh Staining 

The c ell fir eoiQpvltontS Were analyzed by use of monoclonal 
antibodies against acrin (IA4. HHF-35, find CGA-7), vimentin, 
—macrophages (l4AM"56» a nd-PGM-)X and endothelial coll vWR The 
3 actin markers were used to study the state of differentiated SMCs. 
1A4 end HHF45 are markers thai are the first to become positive 
when 5MCs differentiate toward the contractile phenotype: once 
folly differentiated as such, CGA-7 ateo becomes positive.*- 10 Sec- 
dons were incubated with the primary antibody for 1 hour at room 
temperature. The sections were then subjected to a three-step 
Graining procedure with the use of arepiavldin-biotin complex with 
horseradish peroxidase for color detection. Buffered saline was used 
for washing pAwoen the subsequent incubation steps. Horseradish 
peroxidase activity was visualized with 3-amino-9-ethylcarbaso1e. 
and the section* were counterstained faintly with hematoxylin. 

Double Staining 

pgr the simultaneous identification of SMQs and macrophages, the 
foHo wn\g subsequent taeubAtton steps were performed: norms) goat 
/arum (i$ minutes), blotting* no washing, cocktail of 2 primary 
monoclonal nnribodie* (onti-2MC «-acUn. 1A4 |lgC2&] aod ur^j- 
morrophngc. HAM -56 IlgM) for 60 minutes), cocktail of 2. second- 
ary antibodies consisting of biatim/iated goat anii-roouse Ig02a add 
atkaltn« phosphataKB-conjuggUd goat &ntt~mouse IgM (30 minunss). 
and £*£alac[osidaseHa&e1e4 streptavidin (30 minuter). The enzy- 
matic activity of J3-galacu>sida£e for 1 A4 (I^G^a) was visualized in 
lurQuowe (BioGcnex Kit, San Ramon), ar>d that of cjkaUn« phospha- 



CHnical Data Relevgrrt to This Study of 11 Patients Who Underwent Coronary Artery Stent ing 
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Interval 
PTCA/Stent 


interval 
ShinVDBafh 


Cause of Death 
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SllbacUTe thrombasj$ 




Pslma?-Schatz 
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57 d 


$4 d 


Sudden death 
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SAP 
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0 


8?d 


Pneumonia 
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ACS MuHHtn* 


6 


68 
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fTCA 
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5 mo 


Suddon death 


+ 


Paimaz*Schatz 


9 


73 
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RasTeno^U eftar 
FTCA 


UO 




s mo 


12 mo 


CerabcaJ hemotmego 




Palm22-Sch3ct 


10 


BO 


M 


Rotipnastt atlsr 
PTCA 


LAP 




56 d 


15 mo 


Lung cancer 




P&hnaZ'Schatz 


11 


81 
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SAP 


LAD 
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21 mo 


Suc'den death 







laft ctrcumftftt ortorv. 
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Raure 1. Segment of the LAD Q days after PTCa and Renting with complete inrau.^^ — jh . , "" "PT?* 

aspect of a eras section that reveals total occlusion of me lumen by thrombus. There is an eeoentrtc atherosclerotic plaque. B. Histo- 
logical section from the cut 5urfaca shown in A. The lumen contains an occlusive thromUrS (T), whfoh relates to the sjte of ^tenting 
tetant struts indieatod by arrowhGads). At the site of the stent struts, triers te no cellular taction, whereas the svte of tbo PTCA-related 
medial dissection (arrow) shows distinct neointimal proliferation (asterisk}. AS Indicates preexisting atherosclerotic plaque- Elastic tissue 
stain. Magnification 8, 



taw for (IgM) v^unlla=*d in red (Now Fuchsia Kit, 

Dvika)." 

Results 

Palmaz-Schatz Stent (Nine Sites) 
Three patients who bad undergone emergency Palmaz-Schatz 
stenting after failed FTCA clinically developed subacute throm- 
bosis 6 to 12 days after, stenting. Gross investigation confirmed 
occlusive thrombus formation at the site of the stent (Figure 1). 
Light microscopical study showed that all sites contained a 
preexisting eccentric plaque and revealed thai the struts of (he 
steoc had lacerated the arterial wall and caused a local response. 
At 6 days after scenting (patient 2), the site of dje struts showed 
thrombus formation and an accumulation of macrophages 
axound the struts. Ar 9 and 12 days cfter stewing (paden.es 3 and 
4), the stent sites at the site of the thrombus revealed only 
minimal cellular reaction around the struts, whereas the stent 
sites proximal or distal do the thrombus showed a more promi- 
nent cellular reaction mixed with mural thrombus (Figure 2). In 
me latter* the cellular reaction was characterised by an cariy 
proliferation of neomtiroal tissue composed of abundant macro- 
phages and actio-negajtive spindle-shaped cells, which stained 
. positive for vimendn but negative with uctin markers [A4, 
HHF-aS, and OOA-7 (Figure 2B through 2D). No posidvity 
with the antibody against vWF was found at the luminal surface 
of u> neointimal d&ue {Figure 2E). Moreover, in these 3 
patients. PTCA-relaced medial dissection at the border area, 
between the plaque wall and plaque-free wall of a $temcd 
eccentric plaque was observed. Tho oeoinrima alongside the 
dis.secdon was algo composed of macrophages and spindle* 
shaped cells, moM of which were negative for the uctin markers. 

At 30 days after stealing (patient 5), the areas around the 
struts still contained remnants of thrombus, but there was 
distinct proliferation of v-actin-poHiMve SMC*, with only 
occasional macrophages. No vWF-positive cell*, covering the 
flcointima* were ob^ved at this site. 



From 64 days on (patients 6- 8, 9. 10, and f I ). all sites ivlth 
scenting showed a dldcAnci layer of neointimal tissue, albeit Lo 
varying degrees. En 4 lesions without clinical evidence of 
restenosis (patients 6, 9. 10. and 1 1: 64 days and 12, 15, tmd 
21 months after stunting, respectively), the thickening of the 
neointimal tissue was distinctly less than in resign wic legions 
(Figures 3 through 5; compare with Figure £). In these 
nonresrenotic lesions, the neointimu was composed predom- 
inantly of <y-acLio-pgiiitive SMCs. with Home macrophages 
and foreign body giant cells located adjacent fco.tbe struts. The 
lesion at 64 days, moreover, showed, fibrin, considered a 
remnant of a previous thrombus, within the neoinrlma close io 
the luminal surface (Figure 3); no r^mnanttoT throrTibus were 
found within the neointlma at 12, 15, and 21 months after 
stenttag (Figures 4 and 5). In the lesion at 64 days, positive 
staining with the anti-vWF antibody >vas objierved partially at 
the luminal surface of the oeoinrrrna, However, in lesions at 
12, t5 T and 21 months, a complete h'ning of vWF-posuivc 
endothelial cells was found ai the luminal surface (Figure 5), 

The site with clinical restenosis after eventing (patient 8; 5 
months after stenting) presented exuberant neointimal Forma- 
tion, resulting In almost total occlusion (Figure 6). The 
neolntima contained newly formed* rnicrove_s.sels and .scat- 
tered macrophages, particularly in the deep layers with 
extensive accumulation of SMC$. This patient hud PTCA- 
related restenosis and thus hod undergone stealing. The 
aeointima formed After FTC A before stencing was clearly 
identified adjacent to the *tent struts and distinct rrorn the 
ncdintima Induced by stenting. In fact, because of xtcnt 
implantation, the post- PTC A neoiniima was markedly com- 
pressedi partially disrupted, and covered by a second ncoin- 
tima, which accounted for tht post stent ncointima (Pi^urc 6;. 

Wltctox Stent (Patient L, I Site) 

The site 2 days after M tenting showud ocLtuxive jnira vascular 

thrombosis.- Micro.^opkally. ITCA-rchucd inedi;il di«wue- 
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(ion wa,*i prestni. <md the Nenl strut* had caused additional 
laceration of the arterial wall. 

ACS Multi-Link Stent (Patient 7 7 1 Site) 
The put tent developed clinical signs and symptoms of retfe- 
Dom and died 85 doy« after steming. Giw ftnd microscopic 
cvnluutiuns showed exce&sive neointimal formation, causing 
almnm f cHul occtufdon (Figure 7), Al the site of restenosis, the 
deep layers of the neointima eenurincd iibundiml rnfieco- 
plu^cx untl newly formed cupiltnries, whereux the superficial 
layer** cmisimcd almost cntfrcly of SlvtCs (Figure 7). 

Discussion 

I'O ific host of our knowledge, the present study, bused on J J 
suntcd sites in 1 1 rmikaiix and wilh (in inicrvtil bclweeo Mcnl 



k. wa«, i^iy » pj iDw&.pBEi»inrzmnDouo ^n^renwM -throw 

C, Ahti-HHF-35. th* splr^efdfiapefl cells wftWr. the neatnttma 
- (4c» r,et^torrt Wtn th#i*ifcfoi marker '-at^e et&e (coWm^"™ 

ma There * pfrsrflva ofarfnlna endothelial eelfa* e*to*A>asa' 
Modification a through D, X1-10j E, X^.h?^ B ( -*217v • 

■ ..*•■• . . mi 

implantation and death ranging from 2 days 10 21 months in the 
first systematic investigation into the pathobiology of stem 
Stenosis in hurncmii. Several twpecm need further consideration- 
To this end, we wfll consider alt 1 1 stents together, because the 
vasl majority (£> of II) were Pelma^Schalz stems. 

Subacute Thrombosis 

Our aeries contuiftfr 4 palieius (p&tienw I, 2, 3, unci 4) 4 n 
vhorn (Rub)ucQic thrombosis niter dentins had occurred. It 
is interesting ihm oath of these 4 putienLs received stents 
hocoiiKe of a fuilure of a PTCA procedure thai irv each 
paticm had led lo 0 dissection extending into the media. 
Indced, In patients in whom men ling is performed u 
builout procedure after PTCA ftiilore, the reported Inci- 
dence of thromfapm is relatively high and varies between 
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Hguro 4. Segment of the LAD IS months after etentfng (pattant 10 In the Tebta). A, Qroas aspect of a cross section shows an eccen- 
tric atherosclerotic pfaque (AS) and distinct neolmlmal pro^jratjon mound the it/vte of the stent, B, Immunodouble stain of the same 
crora section shown In A. wttn 1A4 (turquols^ and HAM-56 (red). Tho nuotntfrna (asterisks) consists mainly of SMCe. The sites of the 
otent etrtrta ana Indicated by arrowheads. Magnification &t xie. < - 
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Figure 57 Segment at the LAD 21 months after stenting (patient 11 in the Table)- A. Gross aspect of o. aross section $hawa an eccen- 
tric atherosclerotic plaque (AS) and extensive neolntimal formation with considerable luminal narrowing, The stent struts are clearly visi- 
ble within the neo'tntima. B t Elastic tissue stain of the section shown in A. There is extensive rteointlmel tissue (asterisks) around the 
stent struts (arrowheads). C, Same section to shown hi B imrminostalnad with 1A4. The naolntlmi around the stent struts (arrowheads) 
is composed almost totally of SMCs- D, Staining for vWF. The luminal surface of the naoirrtlma Is lined by vWF-posItive cells, consid- 
ered regenerated endothelial cells. Magnification B and C, x33; D, x36a. 



in animal models*" 1 * and h very similar to that observed in 
post-FTCA repair procCAs«5.' t " ,(fcl7 In general terms, the initial 
event is thai oflocal ihrorubus formation, adjacent to the scene 
struts. £rudual]y invaded by cellular compooent$ such as 
macrophages and a-aclirwiegaiive spindle-shaped cells ac- 
tnmpanied by the deposition of extracellular matrix compo- 
nents. This eventually differentiates into a much more fibr©- 
eellulaf lesion containing ot-aclin-powilive SMC*. These 
observations strongly suggest that mural thrombosis v/Kh 
mucrophugc: infiltration ui the earliest rtagc after susming tnuy 
bo crucial in rflcruitittg from the arterial wall. Indeed, 

pblclcl adherence and aggregation promote the subsequent 
healing pi-ocas* through the relca.se of growth factory, lK "^' 
MuLTophagcs also juscrctc u variety of cytokines and growth 
Urciors that have been xhown hi vitro to euujse SMC prolif- 
eration and migration. 21 — ExpcrimtnLul animal studio have 
?tty^u.sti>d that PrX!F, secreted not onJy from activated 
ptniulias hut nlwi from maerophtige* and other vascular «Uk, 
U I of the major ^ro«nh facial* involved in the procure of 
nuuiiuinnil formal Ion after hnlU*>n injury . =M5 Furthermore, 
our tiwn i» s'riu hybrid I /tUion tuui irnrnunohUiochcmicul 
suidies of human «<r unary artcriuN after PTCA uning frozen 
yct-iions huvc .shown thai uad -B roKNAs. PDGF-13 

protein, mid PDGV-fi rcccpu* protein art? expressed "ih 



neoindmal lesions containing iti&crophagas and acrin- 
negative spindle-shaped cells. |QJtl Whether similar phenont* 
ens occur in the process of neoimimal formation in human 
coronary arteries after fl tenting is unknown, but lha possibility 
is intriguing, nnd futsurc studies using frozen sections obtained 
from stertttng sites sbouJd lgg>. into the$e aspects. 

In 1 9S7 in their study of coronary arteries of dogs, Schutz 
and coworkers' 6 considered intimal hyperplasia a conse- 
quence of intense fibroblast proliferation at B weeks after 
sieniing. The posse-M sicdy in humans, using immunocyav 
chemical markers, clearly Knows that ceHular components 
invading the thrombotic aggregate* at the sites oflaccraLion ni 
ihc earlier .stages are spindle-shapod cells neguUve for aclln 
markers such ax HHF-35 and IA4. However, at 30 dayn, a 
ncomiimo Is dearly identifiable, and the spindle-shaped cells- 
.present within this layer appear to be positive with both actfn 
murker*. This Kequcnce strongly FUgfcastii that during the 
evolution or (he ncoinlimu, the ovactin-nogaiive spindle- 
shaped uu|U mwi likely represent dedifferentiated SMCs. 
whieh in lima ojuUuaHy rcdifTemntiuic into a-tictin-posiiive 
SMCk. This winecpt'of staged nrfiifcrcmiatuin of naoiniinuil 
SMCs Is endorsed by cxporimenutl siuJick 1 "* nnd Is relevant 
heciitise we previously demonstrated almiwl idtsnticul BhiflK in 
the tyioskeletul pheuotype of spindic^hupeU eclli; during the 
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development of the neointima after angioplasry Injury in 
human coronary arteries. 1 J it could be argued that the 
a-actifr-negaiive spindle-shaped colls observed early in' the 
neointima might represent not only dcdifferetniated SMCs 
but also other coll types such as infiltrating macroptuigc* that 
have lost their specific antigen or fibroblasts— a point of view 
that at this stage* cannot be elucidated. 

Despite similarities between dxperimental animal models 
and humans, the present study a|*o'*hows important differ- 
ences tn the healing phenomena after stenthng- First, a 
restenecic lesion, which occurred 85 days after implantation 
of the ACS Multi-Link <j K nt fpatient 1) and 5 months after 
implantation of a PaJmaz-Schatz stent (patient 8), showed 
excessive ncointimal proliferation composed of numerous 



re v#i 'a much higher tienityrcf eblGfcen. The'p^^PTCA^n" 



frna maffe^r compressed by the" tfftplantBd'^^rtt Bjfefo dsiu^ • 

ec ^ rt ^W? distinct /Ttow^sse^'ttlrfi^ 

^aocilnutetbOT ^S^ 
*Srt^jnanopfv^^^ 

macrophages; SMCs; and abundant, newly formed mwroves- 
sels. which led to almost total occlusion of the lumen (Figures 
6 and 7). ft is the quantity of these features that makes them 
excephonal; notarization and macrophages with occa- 
sional gloat cells ato common Tradings, particularly adjacent 
to stent win*, in both experimental animal models" and chN 
satdy in hmnaa coronary arteries These observations are of 

iZ^Jf. ^ Ak U j * that 

^cently showed that the amount of 
«A^o P hagc3 In preexlsmnt atherosclerotic lesion* in a pns 
drctor for restenosis after PTCA. Previously, Strauss rt oT 
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Figure 7. Segment of the leh drcUmftex artery 65 days after stefitfng with restenosis (patient 7 In the Tatfe). A, Owe tooact of a 
cross section Shows almost total MdueJon fit the site of etemtrig caused by exuberant naoinUmal proliferation. 8 ( Hastic fesuo $tarn of 




heads), contain numerous i macrophages (see E). D, Staining for vWF shows that the neointima contains nn almost cohoeAtrfc lavor of 
neovascularization in the deep parts. The stent struts are rndjcated by arrowheads. The luminal surface ^SS^Sl^X 
cells, considered regenerated endothelial ceHs, E, Imrnunodoubte staining whh 1A4 fturquofcw) and HAM-Sg SJTaf hw^m-n- 

ma^raphagfls (rod) and the more superficial dominance of SMCs (turquoko). F, Staining farvWF. The area Ab^M Sre in 
C i fa •hwn at hjmr rna^lncatlcn. An arrowhead Indlcmefi the 4* of the stent strut. Note the vWF-pggitfve rrtfc«°e£efc ISSE 
the deep fayar*. AS mdkstoa preexisting atherosclerotic plaque. Magnification B. C and D, seel:* and P XW 



compared coronary nthcrccktmy nuueriftl obtained from pu* 
licnts with rcslcpftfiisf uflcr KlchUng with that obtained from 
putients wilh rCKifciiosis lifter (Angioplasty or atherectomy. 
They concluded thai SMC proliferation was: (he predominant 
failure id rcjncnniic lisxut? regardless of the initialing proce- 



dure and wHh<Kil any unique features irttribuwblc lo slanting 
in general or lo a particular type of stent. Thip apparent 
controversy iv of considerable interest Wc hnve indicated 
previously that once (he posi-FTCA laceration, rturtreulariy in 
conccmric lesions, h limited lo the ulhcromn, the repair 
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process is i>ftcn uccompaauid by nwvtwaulurizatian nnd 
accumulation of macrophages in the doopfcr parts of the 
neointlmu. ,1U7 ' tfl Hence, the formation of U concentric luycsf of 
neovascularization and macrophage accumulation in Che deep 
parts of the neoimima may result from organization processes 
of thrombosis, which Initially was formed around this stent 
wires at the sites of initial laceration- Accumulation of $MCs 
at the lumirud $ld* follows at a later #tage. 

Another difference) with the earlier experiments fay Schatz 
and coworterV* performed on normal coronary arteries in 
dojjs h that in their series, the maximal ncointimat thickness 
oocdrred at 8 weeks after stent Implantation; this was fol- 
lowed by sclerotic changes with less ccllularity and marked 
regression of the neoinuma by 32 weeks.^HoWever, in our 
series of human coronary arteries, each containing atheroscle- 
rotic disease, we observed lesions with intervals becween 
$Cent implantation and death tanging from 12 to 2] months, 
and each showed distinct ceUularity composed predorniaandy 
of a-actin~posirive SMCs without oovious sclerotic changes. 
These observations clearly indicate that fibcoseJexOSis as seen 
m normal dog arteries certainly cannot be considered the nilo 
in human atherosclerotic coronary arteries, at least not within 
the limits of our study, which is 2 years after scenting, k 
remaJos to be settled in future studies with more cases 
whether the differences between our observation^ and those 
obtained in dogs relate merely to species differences or to the 
fact that normal arteries In dogs cannot be considered to 
represent the basic mechanisms that underlie postdating 
ncoindmal formation in atherosclerotic lesions in humans. 

In the experimental dog model used by Sena© and cowork- 
ers," 1 reendochcUalizacion stealing, using the scanning 
electron microscope, appeared incomplete at 1 week. At 3 
weeks, a mosaic type of endothelial cell lining wqs found, and 
full endothelial covering with mature and elongated cells was 
seen at 32 weeks.* Thus far, 1 autopsied case, & weeks after 
a Palmas-Sch^cz stent implantation, also reports a neoindraa 
covered by endothelial cells overlying the area of the stent. 1 
However, there is no imrnunohistochcraical identification of 
these endotfielial cells, to the present siudy, with regard to 
immunostahung characteristics with and-VWF antibody, non- 
rostenotic lesions after starting revealed partial endothelial, 
cell regeneration at 64 days and complete restoration of tfae 
endothelial cell lining in lesions at 12, 15, and 21 months 
after scenting. Further studies wich more cases are needed to 
clarify a more detailed time course of reendotheiialization at 
the site of coronary starting in humorus. Ndvdrthclcss, the 
present study* for the first time, provides Jmmunohistochem- 
ical data regurdma; rccndothelialization after stcnting in hu- 
man coronary arteries 

Restenosis Versus Non restenosis 

Previous studies have suggested that chronic stent recoil may 
contribute significantly to stent restenosis. 5 '- 32 However, re* 
cent serial intravascular ultrasound studies have demonstrated 
that chronic stent recoil is minimal and that late luminal loss 
*nd in-sccnt restenosis arc the result of ncorotfroal tissue 
proliferation/"^ In the pnescnt study, neoiirrfmai prolifera- 
tion was pTc^at from 9 days* after stcnting on. The salient 
histological featura were basically the same whether reste- 



nosis had developed or not. Indeed. I"mm this small iwrius, it 
appears that the dilfortsncoH between rctfturuwls and "nonrc- 
Manasis" are quantitative rather, than qualiiatfve. Be thuc as it 
may, the observations presented here strongly support the 
concept tittt stent stenosis l.s caused by ticointimal 
proliferation. 

Study Limitations 

This study represents only a limited number of uutopsicd 
cuss* obtained from patients after implantation or" a coronary 
artery stent* most of which were Paimaz-Schat? stems. We 
presented only 1 case with a Wiktor stent and I with an ACS 
Multi-Link stent. The question arises, therefore, whether the 
findings obtained at the site oF stfincing with the Falmaz- 
Schate sient apply to other stents; the observations suggest 
that this is so t but the limited number of eases does not allow 
a firm sfcHdrae&t to this end. 
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